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(54) Curable fluoropolyether base rubber compositions 



(57) A liquid fluoropolyether base rubber composi- 
tion comprising (A) a linear fluoropolyether compound 
containing at least two alkenyl groups and having a per- 
fluoroalkyl ether structure in its backbone, (B) a silica 
filler having a specific surface area of at least 100 m 2 /g 
and a bulk density of 100-200 g/l, (C) a curing amount 



of an organosilicon compound having at least two sili- 
con-bound hydrogen atoms, and (D) a hydrosilylation 
catalyst is unlikely to thicken despite filler loading, is 
suitable for liquid injection molding and curable into 
products having improved mechanical properties as 
well as water repellency, oil repellency, solvent resist- 
ance, chemical resistance and weather resistance. 
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Description 

[0001 ] This invention relates to a curable fluoropolyether base rubber composition which is suited for liquid injection 
molding and cures into products having good mechanical properties. 

. 5 

BACKGROUND 

[0002] In the prior art, linear tluoropolyether compounds containing at least two alkenyl groups per molecule and 
having a perfluoroalkyl ether structure in their backbone are used in a variety ot applications owing to the excellent 

to characteristics of the perfluoroalkyl ether structure. While silica fillers including dry silica (known as fumed silica) and 
wet silica (known as precipitated silica) are commonly used in silicone rubber for reinforcement purposes, it is known 
that blending such silica filler in the curable fluoropolyether base rubber can remarkably improve the mechanical prop- 
erties of the cured product thereof. The blending of silica filler provides fluoropolyether base rubber compositions with 
a good balance of heat resistance, chemical resistance, solvent resistance, water repellency, oil repellency, and weather 

'5 resistance. The resultant compositions perform well in most applications. 

[0003] However, a problem arises in molding such rubber materials. When O-rings and diaphragms for use in sem- 
iconductor parts and hard disks are to be molded, liquid injection molding (LIM) featuring mass-scale productivity is 
often used. A limit is imposed on the viscosity of liquid rubber materials which can be molded. This, in turn, imposes 
a limit on the permissible loading of reinforcing silica. It is then difficult lo find a compromise between good mechanical 

20 strength and ease of liquid injection molding. 

[0004] An object of the invention is to provide a liquid curable tluoropolyether base rubber composition which is 
amenable to liquid injection molding and cures into products having good mechanical properties. 
[0005] The present invention provides a curable fluoropolyether base rubber composition comprising 

25 (A) 1 00 parts by weight of a linear fluoropolyether compound containing at least two alkenyl groups in a molecule 

and having a perfluoroalkyl ether structure in its backbone, 

(B) 10 to 50 parts by weight of a silica filler having a specific surface area of at least 100 m 2 /g and a bulk density 
of 100 to 200 g/l, 

(C) an effective amount to cure component (A) of an organosilicon compound having at least two hydrogen atoms 
30 each bound to a silicon atom in a molecule, and 

(D) a catalytic amount of a hydrosilylation catalyst. We find that such a rubber composition can be less liable to 
viscosity rise due to filler loading, amenable to liquid injection moulding, and nevertheless cure to products having 
good or improved mechanical properties. Methods of preparation of the compositions and of using them in liquid 
injection moulding are further aspects of the invention. 

35 

FURTHER EXPLANATIONS; OPTIONS AND PREFERENCES 

[0006] The respective components of the curable fluoropolyether base rubber composition are discussed below. 
-io (A) Linear fluoropolyether compound 

[0007] The linear fluoropolyether compound used herein as a base polymer in the composition is one containing at 
least two alkenyl groups in a molecule and having a divalent perfluoroalkyl ether structure in its backbone. 
[0008] The alkenyl groups in the linear tluoropolyether compound are those having a CH 2 =CH- structure at an end 
-V5 such as vinyl, allyl, propenyl, isopropenyl, butenyl and hexenyl, with the vinyl and allyl being especially preferred. The 
alkenyl groups may be attached either directly to both ends of the backbone of the linear fluoropolyether compound 
or lo the backbone through a divalent linking group.such as -CH 2 -, -CH 2 0- or -Y-NR-CO-. Herein Y is -CH 2 - or a group 
of the following structural formula: 

50 




55 

(the bond may be at o, m or p-position) and R is hydrogen, methyl, phenyl or allyl. 

[0009] The perfluoroalkyl ether structure in the linear tluoropolyether compound includes those of the following gen- 
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eral formula: 

-{Rr-o> q - 

5 

wherein Rl is a straight or branched pertluoroalkylene group of 1 to 6 carbon atoms, preferably 1 to 3 carbon atoms, 
and letter q is an integer of 1 to 500. preferably 2 to 400, more preferably 1 0 to 200. 
[0010] Examples of the recurring units -(Rf-O)- are shown below. 

10 -CF 2 0-, -CF 2 CF 2 0- : -CF 2 CF 2 CF 2 0-, 

-CH(CF 3 )CF 2 0- : -CF2CF2CF2CF20-, 

15 

-CF 2 CF 2 CF 2 CF2CF2CF 2 0-, and -C(CF 3 ) 2 0-. 

Of these, -CF 2 0- : -CF 2 CF 2 CK -CF 2 CF 2 CF 2 0-, and -CH(CF 3 )CF 2 0- are preferred. It is understood that the perfluoro- 
20 alkyl ether structure may consist of recurring units -(Rf-O)- of one type or recurring units of two or more types. 
[001 i j Typicai of ihe linear fluoropolyether compound (A) are those of the following genera! formula (1 ). 

CH 2 =CH-(X)p-CF(OCF 2 CF) m -0-(CF 2 ) r O-(CFCF 2 0) n CF-(X) p -CH=CH 2 (1) 
CF 3 CF 3 CF 3 CF 3 

In formula (1 ), X is independently selected from among -CH 2 -, -CH 2 0- and -Y-NR-CO-, letter p is independently equal 
30 to 0 or 1 . r is an integer of 2 to 6, and m and n are integers of 0 to 200, preferably 5 to 1 00. Y is -CH 2 - or a group of 
the following structural formula: 



35 




CH 3 

40 (the bond may be at o, m or p-position), and R is hydrogen, methyl, phenyl or ally I. These linear fluoropolyether com- 
pounds have a molecular weight of about 400 to 1 00,000 and preferably about 1 ,000 to 50,000. 
[0012] Illustrative examples of the linear fluoropolyether compound of formula (1) are given below. In the following 
formulae, m and n are as defined above. 

■45 

CH2=CH-CF(OCF 2 CF) m -0-CF 2 CF2-0-(CFCF 2 0) n -CF-CH=CH 2 
CF 3 CF 3 CF 3 CF 3 

50 

CH 2 -CHCH 2 OCH 2 -CF(OCF 2 CF) m -0-CF 2 CF 2 -0<CFCF 2 0) n -CF-CH 2 OCH 2 CH=CH 2 
CF 3 CF 3 CF 3 CF 3 
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CH 2 =CHCH 2 NHCO-CF(OCF 2 CF) m -0-CF 2 CF 2 -0-<CFCF 2 0) n -CF-CONHCH 2 CH=CH 2 



CF, CF-, 



CF, CF-, 



CH 3 
I ' 



CH, 



"> CH 2 =CHCH 2 N-CO-CF(OCF 2 CF) m -0-CF 2 CF 2 -0-(CFCF 2 0) n -CF-CO-NCH 2 CH=CH 2 



CF, CF, 



CF, CF, 



15 





CH 2 =CHCH 2 NCO-CF(OCF 2 CF), n -0-CF 2 CF 2 -0-(CFCF 2 0) n -CF-CONCH 2 CH=CH 2 



CF, CF, 



CF, CF, 



25 



30 
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CH, 



CH 2 =CH-Si— <Q>— NHCO-CF(OCF 2 CF) m -0-CF 2 CF r O-(CFCF 2 0) n -CF-CONH- 



CH, 



CF, CF, 



CF, CF, 



CH 3 

(Q) — Si-CH=CH 2 
CH, 



CH 3 

CH 2 =CH-SiJ^L NH CO-CF(OCF 2 CF) m -0-CF 2 CF 2 -0-(CFCF 2 0) n -CF-CONH 
CH, CF 3 CF, CF 3 CF 3 
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CH 3 

Si-CH=CH 2 
I 

CH 3 
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CH 3 CH- 

I I 
N-CO-CF(0CF 2 CF) m -0-CF 2 CF 2 -O-(CFCF 2 O) n -CF-CO-N-| 



CF, 



CF, 



CF 7 



CF, 



CI 



CH 3 

CH=CH 2 
CH 3 



'5 [0013] These linear fluoropolyether compounds may be used alone or in admixture ol two or more. 
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(B) Silica filler 

[0014] The filler (B) used lor ihe reinforcement ol Ihe curable fluoropolyether base rubber composilion is particulate 
silica. It should have a specific surface area of at least 100 m 2 /g as measured by the hydrogen adsorption BET method. 
From the moiding standpoint, ihe silica filler should have a bulk density of at least 100g/!, preferably at least 120 or 
130g/l. Too low a bulk density detracts from the reinforcing effect. The bulk density is not more than 200g/l, preferably 
not more than 180 or 160g/l. Too high a density leads to undesirable thickening. Overall, this choice is found to help 
avoid an increase in viscosity when the filler is blended. 

[0015] The silica filler may be either dry silica known as fumed silica or wet silica known as precipitated silica. The 
silica filler may be treated with organochlorosilanes, silazane compounds and cyclic silazane compounds which react 
with hydroxyl groups attached to silicon atoms on silica surfaces. Alternatively, the silica filler may be hydrophobized 
on the surface with dimethylpolysiloxanes having a low degree of polymerization. 

[0016] An appropriate amount of the silica filler (B) blended is 10 to 50 parts, and preferably 15 to 30 parts by weight 
per 1 00 parts by weight of component (A). Less than 1 0 parts of component (B) fails to achieve sufficient reinforcement 
whereas more than 50 parts of component (B) invites an excessive rise of viscosity and is difficult to compound. 
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(C) Organosilicon compound 

[0017] The organosilicon compound (C) functions as a crosslinking agent and chain extender for component (A). 
Any organosilicon compound is useful as long as it has at least two hydrogen atoms each bound to a silicon atom, that 
is, hydrosilyl (SiH) groups in a molecule. With the compatibility with and dispersibility in component (A), and uniformity 
after curing taken into account, organosilicon compounds having at least one monovalent perfluorooxyalkyl group, 
monovalent perfluoroalkyl group, divalent perfluorooxyalkylene group or divalent perfluoroalkylene group as well as at 
least two, preferably at least three hydrosilyl groups (or SiH groups) are preferred. 

[0018] The perfluorooxyalkyl, perfluoroalkyl, perfluorooxyalkylene and perfluoroalkylene groups include the groups 
of the following general formulae, monovalent perfluoroalkyl groups: 



m is an integer of 1 to 20, preferably 2 lo 10. 
divalent perfluoroalkylene groups: 



C m F 2m ,r 
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m is an integer of 1 to 20, preferably 2 to 10. 
monovalent perfluorooxyalkyl groups: 
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F-(CFCF 2 0) n -CF- 
CF 3 CF 3 



F-(CFCF 2 0)„-CF 2 CF 2 
CF 3 



n is an integer of 1 lo 5. 

divalent perfluorooxyalkylene groups: 



-(CFOCF 2 ) n -(CF 2 OCF) ni - 
CF 3 CF 3 

20 

m is an integer of 1 to 50, n is an integer of 1 to 50, and m+n is an integer of 2 to 1 00. 

- (CF 2 0) m -(CF 2 CF 2 0) n -CF 2 - 

m and n each are an integer of 1 to 50. 

[0019] These perfluoro(oxy)alkyl and perftuoro(oxy)alkylene groups each may be attached either directly to a silicon 
30 atom or lo a silicon atom through a divalent linking group. The divalent linking group is an alkylene group, arylene 
group or a mixture thereof, which may further have an ether bond oxygen atom, amide bond or carbonyl bond. Such 
divalent linking groups of 2 to 12 carbon atoms are preferred. Illustrative examples thereof include 



-CH 2 CH 2 -, -CH 2 CH 2 CH 2 -, -CH 2 CH 2 CH 2 OCH 2 -, 

-CH 2 CH 2 CH 2 -NH-CO-, -CH 2 CH 2 CH 2T N(Ph)-CO-, 

40 -CH 2 CH 2 CH 2 -N(CH 3 )-CO-, and -CH 2 CH 2 CH 2 -0-CO- 

wherein Ph is phenyl. 

[0020] In addition to the monovalent organic group containing a monovalent or divalent fluorinated substituent, that 
J5 is, a perfluoroalkyl, perfluorooxyalkyl, perfluoroalkylene or perfluorooxyalkylene group, the organosilicon compound 
(C) may have a monovalent substituent attached to a silicon atom. Exemplary monovalent substiluents are substituted 
or unsubstituted hydrocarbon groups of 1 to 20 carbon atoms including alkyl groups such as methyl, ethyl, propyl, 
butyl, hexyl, cyclohexyl, octyl and decyl; alkenyl groups such as vinyl and allyl; aryl groups such as phenyl, tolyl, and 
naphthyl; aralkyl groups such as benzyl and phenylethyl; and substituted ones of these groups in which some of the 
so hydrogen atoms are replaced by chlorine atoms, cyano groups or the like, such as chloromethyl, chloropropyl, and 
cyanocthyl. 

[0021] The organosilicon compound (C) may be cyclic, chainlike or three-dimensional network. The number of silicon 
atoms in the molecule of the organosilicon compound is not critical although it desirably has about 2 to about 60 silicon 
atoms, and especially about 3 to about 30 silicon atoms. 
55 [0022] Illustrative examples of the organosilicon compound are given below. They maybe used alone or in admixture 
of two or more. In the formulae, Me is methyl and Ph is phenyl. 
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Me 
I 

CsF 17 CH 2 CH 2 Si(OSi-H) 3 
Me 



Me Me Me Me 

I I II 
(H-SiO) 2 SiCH ? CH 2 (CF 2 ) 6 CH 2 CH 2 Si(OSi-H),. 



Me 



Me 



Me 



Me 



(H-SiO) 3 SiCH 2 CH 2 (CF 2 ) 6 CH 2 CH 2 Si(OSi-H)3 



?5 



30 



Me 



O 



O 



Me 



(H-SiO) 3 Si(CH 2 ) 3 NHC(CF 2 CF 2 0) m (CF 2 0) n CF 2 CNH(CH 2 )3Si(OSi-H)3 
Me Me 

[0023] Note that m is an integer of 1 to 20, averaging to 10, and n is an integer of 1 lo 10, averaging to 6. 
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H O 
I II 

N-C-CFOCF 2 CFOC 3 F 7 
I I I 
H (CH 2 ) 3 CF 3 CF 3 

-(SiOVSiO — 

I I 
Me Me 



Ph O 
I II 

N-C-CFOC 3 F 7 
I I 
H (CH 2 ) 2 CF 3 

-(SiO) 3 -SiO — 

I I 
Me Me 



so 
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Me O 
I II 

N-C-C 7 F 15 
I 

H (CH 2 ) 3 
-<SiO) 3 -(SiO) 2 - 
Me Me 



Me O 
I II 

N- C- CFOCF 2 CFOC 3 F 7 
I I I 

H C 3 H 7 (CH 2 ) 3 CF 3 CF 3 
I I I 
^SiOVSiO — SiO — i 

I I I 

Me Me Mc 
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CH 2 — CFOCF 2 CFOC 3 F 7 



H 



CH, CF 3 



-(SiO) 3 -SiO- 

I I 

Me Me 



CF 3 



CH 2 -C 8 F n 
H CH 2 



i — (SiO) 3 -SiO- 

I I 

Me Me 



H 
I 

-{SiOVSiO 

I i 
Me Me 



CH 2 -C S F, 7 
(CH 2 )2 



MeO 

N-C - CFOCF 2 CFOCF 2 CFOC 3 F 7 



H (CH-,) 3 

I I 
-<SiO) r SiO - 

Me Me 



CF, 



CF, 



CF, 



H 



Ph O 

i ir 

N-C-CFOC 3 F 7 

I I 

(CH 2 ) 3 CF 3 



-(SiO) 2 -(SiO) 2 - 
Me Me 



Me O 
I II 

N-C-C 7 F )5 



H (CH 2 ) 3 

i (SiO) 3 -SiO - 

I I 
Me Me 



Me 2 
I 

CHO 
I II 

N-C-CFOCF 2 CFOC 3 F 7 
I I I 

(CH 2 ) 3 CF 3 CF 3 



H 
I 

SiO) 3 -SiO 



I 

Me Me 



8 



EP 1 170 320 A1 



Me 
I 

S-CH,CH 2 Si 
I 

Me 




O 



HO OH 

I II II I 

-N- C-(CFOCF 2 ) n (CF 2 OCF) m - ON- 




O 



CF, 



CF, 



Mc 



SiCH 2 CH- 



I 

Me 



[0024] Note that S is 



H 

I I 

-<SiO) 3 -SiO- 

I I 

Me Me 



n is an integer of 1 to 30, m is an integer of 1 to 30. and n+m is 2 to 60, averaging to 2 to 50. 

Ph O O Ph 

I II II I 

S-(CH 2 ) 3 -N-C-(CFOCF 2 ) n (CF 2 OCF) ni -C-N-(CH 2 )3-S 

CF 3 CF 3 

[0025] Note that S is 

H 

I I 

— (SiOWSiO 

I I 

Me Me 



n is an integer of 1 to 30 : m is an integer ot 1 to 30. and n+m is 2 to 60, averaging to 2 to 50. 



O Me H MeO 

II I I I II 

C 3 F 7 OCFCF 2 OCF-C-N-(CH 2 ) 3 -(SiO) n -(CH 2 ) 3 -N-C-CFOCF 2 CFOC 3 F 7 

CF 3 CF, Me CF 3 CF 3 



[0026] Note that n is an integer of 1 to 60, averaging at 3 to 50. 
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Ph O 
I II 

N-C-CFOCF-,CFOC 3 F 7 

I I "I 
H (CH 2 ) 3 CF 3 CF 3 



Me 3 SiO(SiO) n SiOSiMe 3 
Me Me 

ro 

[0027] Note that n is an integer of 1 to 60, averaging at 3 to 50. 



CH,-CFOCF 2 CFOC 3 F 7 
I I I 

H CH 2 CF 3 CF 3 

II 

Me 3 SiO(SiO) n SiOSiMe 3 
Me Me 



[0028] Note that n is an integer of 1 lo 60, averaging at 3 to 50. 
25 [0029] Component (C) is blended in an effective amount to cure component (A). Usually, component <C) having 

hydrosilyl groups is blended in such an amount that preferably 0.5 to 5 mol, and more preferably 1 to 2 mol of hydrosilyl 

groups (or SiH) groups may be present per mol of alkenyl groups (e.g., vinyl, allyl or cycloalkenyl) in the entire com- 

posilion. especially component (A). Less amounts of component (C) may achieve an insufficient degree of crosslinking. 

Excessive amounts of component (C) may allow chain lengthening to become preferential, inviting short cure, foaming, 
30 and losses of heat resistance and compression set. More particularly, the amount of component (C) blended is usually 

0.1 to 50 parts by weight per 1 00 parts by weight of component (A). The amount can be determined with conventional 

skill. 



(D) Hydrosilylation catalyst 

35 

[0030] The hydrosilylation catalyst (D) is preferably selected from transition metals, for example, platinum group 
metals such as Pt, Rh and Pd, and compounds of transition metals. Most of these compounds are noble metal com- 
pounds which are expensive. Platinum compounds are thus used because they are readily available. 
[0031 ] Exemplary platinum compounds include chloroplatinic acid, complexes of chloroplatinic acid with olefins such 
40 as ethylene, complexes of chloroplatinic acid with alcohols and vinylsiloxanes, and platinum supported on silica, alu- 
mina or carbon though not limited thereto. Known platinum group metal compounds other than the platinum compounds 
include rhodium, ruthenium, iridium, and palladium compounds, for example, RhCI(PPh 3 ) 3 , RhCI(CO)(PPh 3 ) 2 , RhCI 
(C 2 H 4 ) 2 , Ru 3 (CO) 12 , lrCI(CO)(PPh 3 ) 2 , and Pd(PPh 3 ) 4 wherein Ph denotes phenyl. 

[0032] The amount of the catalyst used is not critical. A catalytic amount can achieve a desired curing rate. The 
■>5 catalytic amount varies depending on the form and concentration of the catalyst, that is, whether or not the catalyst is 
supported on a carrier such as silica or alumina and whether or not the catalyst is diluted with a solvent. From the 
economical aspect and lo obtain satisfactory cured products, the platinum group metal compound is preferably added 
in an amount of 0.1 to 1,000 parts, more preferably 0.1 to 500 parts by weight calculated as the platinum group metal 
per million parts by weight of the entire curable composition. 

50 

Other components 

[0033] Insofar as the benefits of the invention are not impaired, various well-known additives may be added lo the 
inventive composition in addition to the above essential components (A) to (D). Such optional additives include regu- 
55 lators of the hydrosilylation catalyst, for example, acetylene alcohols such as 1 -ethyl- 1 -hydroxycyclohexane, 3-methyl- 
1 -butyn-3-ol, 3,5-dimethyl-1 -hexyn-3-ol. 3-methyl-1 -penten-3-ol. and phenylbutynol, as well as 3-methyl-3-penten-1 -yn 
and 3,5-dimethyl-3-hexen-1-yn; tackifiers. for example, organosiloxanes having alkoxy, epoxy or SiH groups in the 
molecule such as the compound shown below; pigments such as iron oxide, cerium oxide and carbon black; colorants, 
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dyes, and antioxidants. 



Si(OCH 3 ) 3 

CH, CH 2 CH 2 CHoO-CH 2 CH-CH 2 

* \ / 

O 



15 




[0034] Depending on its application, the rubber composition of the invention is formulated as a single composition 
having all the essential components (A) to (D) incorporated therein, that is, of one part type. Alternatively, the rubber- 
composition is formulated to two pari type, for example, one part containing a part of (A), a part o( (B) and (C) and the 
otnoi pan containing the balance of (A), the balance of (B) and (D) wher eupon the two parts are mixed on use and not 
curable until so mixed. 

[0035] The composition thus obtained is liquid. For optimum moulding, preferred viscosity at 25°C as measured 
according to JISK71 1 7 is at least 50 Pa. s, more preferably at least 1 00 or 200 Pa s. Conversely the viscosity is preferably 
not more than 2000 Pa s, more preferably not more than 1500 or 1000 Pa s. 

[0036] Generally speaking, the composition will cure when it is allowed to stand at room temperature or by heating. 
Olton. the composition is preferably cured by heating at a temperature from room temperature (e.g., 10-30°C) to about 
1 80 C C for about 5 minutes to about 24 hours. • 

[0037] The composition of the invention can be molded by any conventional method although the well-known liquid 
injection molding technique is advantageously applicable to the composition having a viscosity within the above-defined 
range. 

[0038] The curable fluoropolyether base rubber compositions cure into products having good or improved mechanical 
properties as well as water repellency. oil repellency, solvent resistance, chemical resistance, and weather resistance. 
Thus the compositions are useful in a wider variety of applications and suitable for use as molded rubber parts such 
as diaphragms and sealing parts (e.g., O-rings, gaskets and grommets) where chemical resistance and oil resistance 
are required when such parts are used in chemical plants, business machines (e.g., copiers and printers), automotive 
and aircraft, semiconductor devices, medical equipment, analytic instruments, etc. 
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EXAMPLE 

[0039] Examples of the invention are given below by way of illustration and not by way of limitation. All parts are by 
weight. The viscosity is a measurement at 25°C. 



50 



Example 1 

[0040] To 100 parts of a polymer of formula (2) shown below (viscosity 4.4 Pa-s, average molecular weight 16500, 
and vinyl content 0.012 mol/1 00 g) was added 40 parts of hexamethy Isilazane-treated silica (specific surface area 1 70 
m 2 /g and bulk density 140 g/l) as the silica filler. They were mixed in a kneader, milled for one hour, then heat treated 
at 170°C for 2 hours, obtaining Base 1. In a planetary mixer, this Base 1 was diluted and mixed with the polymer of 
formula (2) in such amounts that the weight ratio of the polymer of formula (2) to the treated silica was 1 00/30. The 
mixture was further milled on a three-roll mill, obtaining Base 2. 



55 
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Me 
I 

CH 2 =CH-Si 
Me 



Me O O Me 

'0>— N- C- Rf 1 ~ C-N— (Q 





Me 
I 

Si-CH=CH 2 
I 

Me 



(2) 



io [0041] Note that Rf 1 is 



15 



-(CFOCF 2 ) x -(CF 2 OCF) y - 
CF 3 CF 3 



20 



wherein x+y = 97 (average) and Me is methyl. 

[0042] In this example, the composition was lormulaled as iwo-parl type consisting or Paris A and B shown below. 
Preparation of Pail A 

[0043] To 1 30 parts ot Base 2 was added 0.4 part of a toluene solution of a catalyst in the form of chloroplatinic acid 
modified with a compound of the following formula (3) (platinum concentration 0.5 wt%). Intimate mixing gave Part A. 

Preparation of Part B 

[0044] To 140 parts of Base 2 were added 0.8 part of a 50% toluene solution of ethynyl cyclohexanol and 6.71 parts 
of a SiH group-bearing organosilicon compound of the following formula (4). Intimate mixing gave Part B. 



35 



Me Me 
I I 

CH,=CHSiOSiCH=CH 2 

II 

Me Me 



(3) 



C s F ]7 CH 2 CH 2 Si(OSi-H) 3 (4) 
Me 

■45 

[0045] Parts A and B of the liquid fluoropolyether composition were measured for viscosity according to JIS K71 17. 
The results are shown in Table 1 . 

[0046] Table 2 shows rubber physical properties of the two-part composition. A measurement sample was prepared 
by blending Parts A and B in a weight ratio of 1:1 , intimately mixing them in vacuum, press molding into a sheet at 
so 150°C for 10 minutes, and post-curing the sheet in an oven at 200°C for 4 hours. Physical properties of the cured 
lubber were measured according to JIS K6251 and K6253. 

Comparative Example 1 

55 [0047] To 1 00 parts of the polymer of formula (2) shown above (viscosity 4.4 Pa-s, average molecular weight 1 6500, 
and vinyl content 0.01 2 mol/1 00 g) was added 40 parts of hexamethylsilazane-treated silica (specific surface area 1 70 
m2/g and bulk density 50 g/l) as the silica filler. They were mixed in a kneader, milled for one hour, Ihen heat treated 
at 1 70°C for 2 hours, obtaining Base 3. In a planetary mixer, this Base 3 was diluted and mixed with the polymer of 
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formula (2) in such amounts that the weight ratio of the polymer of formula (2) to the .treated silica was 100/30. The 
mixture was further milled on a three-roll mill, obtaining Base 4. 

[0048] Pails A and B were prepared as in Example 1 except that Base 4 was used instead of Base 2. 
[0049] Parts A and B of the liquid fluoropolyether composition were measured for viscosity according to JIS K7117. 
• 5 The results are also shown in Table 1 . 

[0050] Table 2 shows rubber physical properties of the two-part composition. A measurement sample was prepared 
by blending Parts A and B in a weight ratio of 1:1, intimately mixing them in vacuum, press molding into a sheet at 
150°C for 10 minutes, and post-curing the sheet in an oven at 200°C for 4 hours. Physical properties of the cured 
rubber were measured according to JIS K6251 and K6253. 

10 

Table 1 





Viscosity* (Pa s) 


Part A 


Part B 


Example 1 


630 


480 


CE1 


2160 


5340 



" Btookfield viscomeler 
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Table 2 





Rubber physical properties 




Hardness (Durometer Type A) 


Tensile strength (Mpa) 


Elongation at break (%) 


Example 1 


51 


10.8 


480 


CE1 


49 


9.6 


390 



[0051] It is evident from Tables 1 and 2 that the compositions loaded with a silica filler having a specific surface area 
of at least 100 m 2 /g and a bulk density of 100 to 200 g/l : i.e. embodying the invention, are prevented from viscosity 
rise due to filler loading, suited for liquid injection molding, and give cured parts having improved mechanical properties. 
[0052] There has been described a curable fluoropolyether base rubber composition which is restrained from in- 
creasing viscosity due to filler loading, is liquid injection moldable and cures into products having improved mechanical 
properties. The cured products possess water repellency, oil repellency, solvent resistance, chemical resistance and 
weather resistance inherent to fluoropolyether base rubber. 

[0053] Japanese Patent Application No. 2000-204049 is incorporated herein by reference. 

[0054] Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherwise 
than as specifically described in the Examples. 



Claims 



1 . A curable fluoropolyether base rubber composition comprising 

■45 

(A) 100 parts by weight of linear fluoropolyether compound containing at least two alkenyl groups per molecule 
and having a perfluoroalkyl ether structure in its backbone, 

(B) 1 0 to 50 parts by weight of silica filler having a specific surface area of at least 1 00 m 2 Jg and a bulk density 
of 100 to 200 g/l, 

50 (C) an effective amount to cure component (A) of organosilicon compound having at least two hydrogen atoms 

each bound to a silicon atom per molecule, and 
(D) a catalytic amount of hydrosilylalion catalyst. 

2. The composition of claim 1 wherein the linear fluoropolyether compound (A) is of the following general formula (1): 

55 
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CH 2 =CH<X) p -CF(OCF 2 CF) ra -0-(CF 2 )rO-(CFCF 2 0) n CF-(X) p -CH=CH 2 (1) 
CF 3 CF 3 CF 3 CF 3 

wherein X is independently -CH 2 -, -CH 2 0- or -Y-NR-CO- wherein Y is -CH 2 - or a group of the following structural 
formula: 



CH 
-Si 
CH 



"3 

-Of 



and R is hydrogen, methyl, phenyl or allyl, indices p are independently 0 or 1 , r is an integer from 2 to 6. and m 
and n are each an integer from 0 to 200. 

3. Composition of claim 1 oi 2 having a viscosity of 50 to 2,000 Pa-s at 25°C 

4. The composition of any one of claims 1 to 3 for use in liquid injection molding. 

5. A method comprising the preparation of a composition according to any one of claims 1 to 4. 

6. A method of making a moulded article, by moulding a composition according to any one of claims 1 to 4 . 

7. A method according to claim 6 in which the moulding is liquid injection moulding. 
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